Background: With the widespread use of combination antiretroviral therapy (cART), life expectancy of HIV-infected patients has significantly prolonged. An increasing number of HIV-infected patients are aging and concurrent use of medications are not uncommon for management of metabolic complications and cardiovascular diseases related to aging and prolonged exposure to cART.
Introduction
The widespread use of combination antiretroviral therapy (cART) has markedly improved the survival of HIV-1-infected patients [1, 2] . According to the multinational cohort study, the life expectancy of HIV-infected patients aged 20 years is projected to increase from 36.1 years to 49.4 years [1] . As a result of reduction in AIDS-related mortality, the number of elderly people living with HIV will continue to increase; furthermore, the number of cases of newly diagnosed HIV infection among the elderly people is increasing in many countries [3] [4] [5] , which will have considerable impact on the future delivery of care in the developed as well as developing countries where cART coverage is increasing.
Prolonged exposure to antiretroviral therapy along with aging may increase risk of developing metabolic complications and cardiovascular diseases among HIV-infected patients. Several studies have provided evidence that comorbidities such as diabetes mellitus [6] [7] [8] [9] [10] [11] , hypertension [6, 8, 9, 12] , coronary artery disease [11] , hyperlipidemia [13, 14] , renal disease [7, 11, 15] , and reduced bone mineral density [16] [17] [18] are more common among HIVinfected elderly patients than HIV-uninfected controls. Other than cART, medications for management of metabolic complications and cardiovascular diseases will be needed, which will increase the pill burden and potential for drug-drug interactions in the elderly patients [19, 20] .
The prevalence of HIV-1 infection continues to increase with improvement of accessibility to HIV testing and care in Taiwan [21, 22] . However, the information on comorbidities among the HIV-infected patients has been lacking. The purpose of this study aimed to describe the comorbidity profile and concurrent medications used among the elderly patients with HIV-1 infection who sought care at a referral medical center in Taiwan.
Methods

Study setting and population
After the first case of HIV-1 infection and AIDS was reported in Taiwan in 1984, the number of patients diagnosed as having HIV infection through sexual contacts continued to increase steadily over the next two decades [23] . The outbreak of HIV infection among injecting drug users (IDUs) between 2003 and 2007 had caused a significant change of the landscape of HIV infection in Taiwan, with the proportion of IDUs increasing from less than 2% before 2003 to 27.6% of total cases reported as of 2013. At the end of 2013, a total of 26,457 cases of HIV infection were reported to the Taiwan Centers for Disease Control and 4,171 (15.8%) patients had died. After control of the outbreak of HIV infection among IDUs through harm reduction program, sexual contacts, especially among men who have sex with men (MSM), have reemerged as the most common route of HIV transmission. As of December 2013, MSM have accounted for 53% of all reported cases of HIV infection and patients aged 50 years or older accounted for 13.6% [21, 22] .
HIV-infected patients in Taiwan are provided with free medical care at designated hospitals around Taiwan by the government of Taiwan, including cART that was introduced in April 1997, and monitoring of CD4 lymphocyte count and plasma HIV RNA load. As of December 2012, it was estimated that 60% of HIV-infected patients sought HIV-related care and initiated cART after the diagnosis of HIV infection was made.
Study design
This was a cross-sectional study that enrolled HIV-infected patients who were aged 40 years or older and sought HIV care at the HIV clinics of the National Taiwan University Hospital from 1 January, 2013 to 31 December, 2013. Two age groups were identified: patients aged 40-49 years and those aged §50 years. We collected information on their baseline demographics, clinical characteristics, and medications including antiretroviral therapy, antihypertensives, lipid-lowering agents, and insulin and oral hypoglycemics. Data on comorbid conditions, including hypertension, diabetes mellitus, chronic viral hepatitis, cardiovascular disease, hyperlipidemia, fracture, malignancy, and osteoporosis and information on smoking status and alcohol use were also collected by interview, which were confirmed by review of medical records. The study was approved by the Research Ethics Committee of the National Taiwan University Hospital (registration number: 200904020R) and participants gave written informed consent.
Clinical measurements
Systolic and diastolic blood pressure was measured after the subjects were seated and rested for at least five minutes. Height was determined without shoes by the same machine. Weight was measured by a digital scale, and patients were fully dressed but without shoes or heavy clothing. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. Because diabetes mellitus is considered coronary artery disease-equivalent, we examined the status of diabetes mellitus control by retrospectively collecting laboratory data of fasting glucose, glycosylated hemoglobin (HbA1C) among those who received a diagnosis of diabetes mellitus from 1 January, 2012 to 31 December, 2013.
Laboratory and radiologic investigations
Total cholesterol, triglyceride, glucose, HbA1C, high-density lipoprotein cholesterol (HDL-C), and low-density lipoproteincholesterol (LDL-C) levels were determined after at least an 8-hour fast. The data of most recent plasma HIV RNA load, CD4 lymphocyte count, blood urea nitrogen, serum creatinine, estimated glomerular filtration rate (eGFR) that was calculated with the use of the abbreviated Modification of Diet in Renal Disease (MDRD) equation [24] , hemoglobin, and rapid plasma reagin (RPR) (within 6 months of survey) were collected using a standardized case record form. Plasma HIV RNA load was quantified using the Cobas Amplicor HIV-1 Monitor test (Cobas Amplicor version 1.5, Roche Diagnostics Corporation, IN, USA) with a lower detection limit of 20 copies/mL, and CD4 count was determined using FACFlow (BD FACS Calibur, Becton Dickinson, CA, USA). Bone mineral density (BMD) was measured with the use of dual-energy X-ray absorptiometry scan (Lunar Prodigy; GE Healthcare, Belgium) [17] .
Definitions
Comorbid conditions were defined by the ICD-9 diagnostic codes or in those who took antihypertensives, hypoglycemics, or lipid-lowering agents. Chronic hepatitis B virus (HBV) infection was defined as presence of HBV surface antigen for 6 months or longer. Hepatitis C virus (HCV) infection was defined as presence of HCV antibody. Osteopenia and osteoporosis were defined on the basis of World Health Organization (WHO) criteria [25] . Patients with a BMD T-score between 21.0 and 22.5 were categorized as having osteopenia, and patients with a BMD Tscore less than or equal to 22.5 were categorized as having osteoporosis.
CART was defined as the use of at least 3 agents from at least 2 classes of antiretroviral agents according to the national treatment guidelines for adults with HIV infection. The most commonly prescribed antiretroviral combinations in antiretroviral-naive patients were 2 nucleoside reverse-transcriptase inhibitors (NRTIs) plus 1 non-NRTI (nNRTI), 2 NRTIs plus ritonavir-boosted protease inhibitor (PI), unboosted atazanavir or raltegravir, while triple NRTIs or combination of 3 classes were only infrequently prescribed. Ritonavir was available only in capsule form.
Statistical analysis
Categorical variables were analyzed by using X 2 tests for continuous variables were compared using Student's t test. Baseline and comorbid conditions were compared with two groups. A P-value of ,0.05 was considered statistically significant. All P value was two-tailed. Analyses were performed using SAS software (Version 9.3).
Results
During the 12-month study period, 920 patients who were aged 40 years or greater were enrolled, among whom 310 (33.7%) and 610 (66.3%) were aged §50 years (elderly group) and 40-49 years (younger group), respectively ( Figure 1 . The two groups of patients differed significantly in many characteristics examined (Table 1) . Compared with patients in the younger group, HIV-infected patients in the elderly group were more likely to be female (15.9% vs 3.8%) and have a higher fasting glucose level (106 vs 97 mg/dl), HbA1C level (5.9 vs 5.6%) and systolic blood pressure (130 vs 126 mmHg), and have a lower eGFR (88.5 vs 98.9 ml/min/1.73 m2), plasma HIV RNA load (1.6 vs 1.7 log 10 copies/ml) and BMI (22.9 vs 23.4 Kg/m 2 ) ( Table 1) . Compared with the younger group, there was a statistically significantly higher prevalence of comorbidities in the elderly patients (59.0 vs 36.4%) ( Table 2) , such as hypertension (31.0 vs 10.8%), hyperlipidemia (29.4 vs 11.6%), diabetes mellitus (18.4 vs 4.6%), and coronary artery disease (6.8 vs 0.5%); furthermore, HIV-infected patients in the elderly group were more likely to have 2 or more comorbidities (30.6 vs. 8.7%).
Of the 920 patients, 76 (8.3%) were taking oral hypoglycemic agents or receiving insulin replacement for control of diabetes mellitus, 102 (11.1%) lipid-lowering agents, 142 (15.4%) antihypertensives, and 159 (17.3%) hypnotics drugs ( Table 2 ). More than 95% of the patients (95.8%) were receiving cART during the study period. The antiretroviral agents to which the patients had been exposed and the cumulative exposure duration for each antiretroviral agent are shown in Table 3 . Patients in the elderly group had significantly longer exposure durations to PIs, nNRTIs, and NRTIs than those in the younger group (Table 3) . The antiretroviral agents and exposure durations for patients with at least 1 metabolic, cardiovascular, renal or hepatic comorbidity and those without any comorbidity are shown in Table 4 .
Compared with those in the younger group, HIV-infected patients in the elderly group were more likely to take medications for management of comorbidities: oral hypoglycemic agents or insulin replacement (16.5% vs 4.1%), lipid-lowering agents (19.4% vs 6.9%), and antihypertensives (26.5% vs 9.8%) ( Table 2 ). Other than therapy for HIV infection, patients in the elderly group were more likely to have receiving 2 or more concurrent medications than those in the younger group (22.9% vs 6.4%). Patients in the younger group had a higher prevalence of syphilis (RPR titer §4) than those in the elderly group (26.3% vs. 11.4%).
The comparisons of clinical characteristics of 85 patients (9.2%) with diabetes mellitus and 835 patients (90.8%) without diabetes mellitus are shown in Table S1 . Compared with those patients without diabetes mellitus, the patients with diabetes mellitus were more likely to be aged 50 years or greater (67.1 vs 30.3%) and to have a higher BMI (24.2 vs 23.2 Kg/m 2 ), higher systolic blood pressure (134 vs 127 mmHg), higher triglyceride level (260 vs 195 mg/dl), lower eGFR (82.7 vs 96.7 mL/min), and lower plasma HIV RNA load (1.5 vs 1.7 log 10 copies/ml).
Because diabetes mellitus is related to long-term metabolic, cardiovascular and renal complications, we examined the status of control by assessing the fasting glucose and HbA1C data of the patients with diabetes mellitus. All of the available results of blood sampling in fasting state (n = 270) of 85 patients with diabetes mellitus over the 12-month follow-up were stratified into 4 groups ( Figure S1 ): group 1, HbA1C.6.5% and fasting glucose. 110 mg/dl (53.3%; 144/270); group 2, HbA1C.6.5% and fasting glucose,110 mg/dl (6.7%; 18/270); group 3, HbA1C,6.5% and fasting glucose.110 mg/dl (21.9%; 59/270) and group 4, HbA1C,6.5% and fasting glucose,110 mg/dl (18.1%; 49/270).
Discussion
In this cross-sectional study, we found that HIV-1-infected Taiwanese patients who were aged 50 years or older had significantly more comorbidities than those who were aged 40- 49 years. Polypharmacy was not uncommon in that more than 20% of the elderly patients were taking 2 or more concurrent medications in addition to cART for HIV infection.
The prevalence of the elderly group with 2 or more comorbidities is higher than younger group in our study (30.6 vs. 8.6%), which is similar to what have been observed in HIVinfected elderly patients with access to cART in many Western countries [6] [7] [8] [9] 13] . The types of comorbid diseases in our study are also similar to those reported among the HIV-infected elderly patients in Western countries, such as hypertension [7, 9, 12, 13] and hyperlipidemia [13] . Previous studies comparing the prevalence of comorbidities between HIV-infected and HIV-uninfected individuals showed discrepant results, however. The prospective cross-sectional study by Onen et al showed that HIV-infected patients in the US had a higher prevalence of hypertension and hypertriglyceridemia than HIV-uninfected individuals [18] , while the VACS study by Oursler et al showed that HIV-uninfected individuals in the US had a higher prevalence of hypertension and diabetes mellitus than HIV-infected patients [12] .
With the increasing prevalence of comorbidities, it is not surprising that, other than antiretroviral therapy, use of concomitant medications for management of comorbid diseases were common in our patients. It is therefore important to note some of the negative consequences as a result of polypharmacy. The patients taking multiple drugs for many chronic medical conditions are at potentially increased risk of drug-drug interactions and adverse drug events [20, 26] . Consistent with findings reported in the literature (range, 82-96%) [20, 26, 27] , 52.3% of our patients aged §50 years and 29.2% of the patients aged 40-49 years in this study were receiving 1 or more concurrent medications. The prevalence and incidence of diabetes mellitus are increasing worldwide, especially in the elder patients regardless of the status of HIV infection [10, [28] [29] [30] . Presence of diabetes mellitus is associated with a higher mortality rate among HIV-uninfected patients [31] [32] [33] [34] because of increased risk of cardiovascular diseases, nephropathy, retinopathy, and neuropathy [35, 36] . Whether the incidence of diabetes mellitus is higher in HIVinfected patients than HIV-uninfected individuals remains controversial. In the French study, Capeau et al found a markedly higher incidence of diabetes mellitus in HIV-infected than HIVuninfected population (14.1 vs. 4-6/1000 person-years) [37] . In the Denmark study, Rasmussen et al found HIV-infected individuals did not have an increased risk of developing diabetes mellitus compared to HIV-uninfected population (3.70 vs. 3.87/ 1000 person-years) [38] . The discrepancy of incidence of DM in the published studies may be due to differences in demographic factors such as age, gender and race, exposure duration to cART and regimens of cART used [39, 40] .
Using Taiwan National Health Insurance data, Jiang et al have found that the prevalence of DM among women and men aged 40 to 59 years increased from 4.63% to 5.47% and from 4.97% to 7.56%, respectively, between 2000 and 2009 [33] ; the prevalence of DM among women and men aged 60 to 79 years increased from 17.17 to 21.97% and from 13.60 to 13.97%, respectively, between 2000 and 2009. In this study that was conducted in 2013, we found that the prevalence of DM in HIV-infected males (N = 749) and females (N = 41) aged 40-59 years was 7.48% and 7.32%, respectively; for the patients who were aged 60 years or older (N = 130), the prevalence of DM in males (N = 100) and females (N = 30) was 21.0% and 16.67%, respectively. However, given the small sample size of the patients in our study, the interpretation of the data should be cautious.
In our study, we found that diabetes mellitus was associated with older age and higher BMI, which are consistent with other studies [10, 28, 29] . The finding that more than 50% of the blood sampling among HIV-infected patients with diabetes mellitus showed HbA1C .6.5% and fasting glucose levels .110 mg/dl suggests that better strategies with multidisciplinary approach are urgently needed to improve the quality of care in terms of diabetic control to prevent the occurrence or delay the progression of metabolic, cardiovascular, and renal complications in the patients enrolled in this study.
Renal function in terms of eGFR usually decreases with age. The prevalence of eGFR,60 mL/min/1.73 m 2 in our elderly patients was 11.5%, which is higher than those in other studies among the HIV-infected population from Brazil (3.9%) [8] and Taiwan (7.03%) [41] , but is lower than the studies from the UK (15.5%) [15] and Japan (15.4%) [42] . The difference between ours and other studies may be explained by the study populations. In our study population, the mean age was 49 years, which is greater than the other study from Taiwan (36.9 years). In the US study, Onen et al. found approximately 50% of the overall elderly study population had renal impairment with chronic kidney disease in 11% and 7% of HIV-infected persons and HIV-uninfected patients, respectively [18] .
While most of patients in this study were receiving cART with good control of HIV infection, the finding of a high prevalence of syphilis is of particular concerns, especially in the patients aged 40 to 49 years [43, 44] . Acquisition of syphilis indicates unprotected sex, which may increase the risk of HIV transmission to sexual partners or superinfection with HIV resistant to the regimens the patients were receiving; furthermore, several studies have demonstrated that syphilis is associated with acquisition of other sexually transmitted hepatotrophic virus infections such as hepatitis B, C and D virus [45] [46] [47] [48] .
There are several limitations of our study. First, it is a crosssectional survey of patients who sought HIV care at a university hospital. The information examined is mainly from laboratory data that were accumulated during the clinical care. Many other comorbidities were not systematically examined, such as osteopo- rosis and malignancy. Second, the exposure duration to cART was not taken into consideration in comparisons made between the two age groups. Third, we did not have an HIV-uninfected population for comparison in terms of the frequency of comorbidity. Therefore, it is not known whether the frequency of any comorbidity examined in this study is higher in HIVinfected patients than in HIV-uninfected patients in Taiwan, although several studies have suggested that cART and HIV infection may accelerate aging and increase risk of metabolic, cardiovascular and renal complications [10, 14, 15, 39, 40, 42] .
In conclusion, our findings show that a significant proportion of the HIV-infected elderly patients In Taiwan have multiple comorbidities that may increase risk for cardiovascular and renal complications. Issues of poly-pharmacy among the elderly with HIV infection should be addressed to ensure adherence and minimize drug-drug interactions. Comprehensive approach to the management of metabolic, cardiovascular and renal comorbidities cannot be overemphasized in the long-term successful management of HIV-infected elderly population. Figure S1 The scattered plot of glycosylated hemoglobin (HbA1C) and fasting glucose data collected from the 85 patients with diabetes mellitus during the 12-month study period. PI, protease inhibitor-containing regimens. (TIF) Author Contributions
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